the second capable of identifying anergic animals by detection of specific anti-M. bovis antibodies.
Introduction
Bovine tuberculosis is an infectious disease caused by M. bovis which belongs to MTBC that affects cattle, other domesticated animals and certain free or captive wild species [1] . B. tuberculosis occur worldwide and because of the zoonotic implications of the disease and production losses due to its chronic and progressive nature, eradication programmes have been introduced in many countries [2] . M. bovis is obligate aerobic non-capsular, none spore forming bacteria. Its cell wall is rich in lipids which is responsible for acid fastness and hydrophobicity. Its waxy coat lipid layer, mycolic acid, contributes greatly to resistance of the bacteria towards many disinfectants, antibiotics and physical injuries. It may also reduce growth rate of some species by limiting the uptake of nutrients [3] . B. tuberculosis is a chronic debilitating and highly contagious disease of cattle characterized by nodular granuloma or tubercle formation with resultant caseation and calcification in many of the vital organs especially in the lungs, lymph nodes, intestine and kidney except skeletal muscles [4, 5] . In developing countries, BTB is enzootic and has an impact on animal and human to causes significant economic loss due to high cost of eradication programs and has serious consequences for movements of animals and their products, biodiversity, public health and significant economic effects [6, 7] .
Existing strategies for long term B. tuberculosis control or eradication campaigns are being reconsidered in many countries because of the development of new testing technologies, increased global trade, continued struggle with wildlife reservoirs of B. tuberculosis, redistribution of international trading partner or agreements and emerging financial and animal welfare constraints on herd depopulation [8] . M. bovis shows a dysgenic colony shape on Lowenstein-Jensen medium and micro aerophilic growth, while M. tuberculosis shows eugenic colony shape and aerophilic growth [9] . New molecular methods have been developed that provide clear criteria for the identification of M. bovis. These comprise a variety of Polymerase Chain Reaction (PCR) methods, which is based on DNA sequence variations in the direct repeat region of M. tuberculosis complex strains [10] . Not only molecular methods but also there are serological tests such as tuberculin test, gamma interferon assay, enzyme linked immune sorbent assay, mycodot antibody test and LAM test for detecting circulating antibodies and lymphocyte transformation [11] .
Because of the dynamics of M. bovis transmission, the microscopic size of early lesions and the time it takes for an animal to mount a detectable immune response, no single ante (or post) mortem test for TB can be expected, on its own, to detect every infected herd and every infected animal in such herds [12] . As a result multidisciplinary approach must be employed based on current status of the disease [13] . Therefore; the objective of this review paper is to give concise review on various diagnostic techniques of bovine tuberculosis.
Specific objectives
• To address the current diagnostic test of bovine tuberculosis
• To address sensitivity and specificity of current diagnostic tests of bovine tuberculosis A Review on: Current Diagnostic Techniques of Bovine Tuberculosis
Summary
Bovine tuberculosis is an infectious disease caused by M. bovis which belongs to MTBC that affects cattle, other domesticated animals and certain free or captive wild species. Bovine tuberculosis occurs worldwide and because of the zoonotic implications of the disease and production losses due to its chronic and progressive nature, eradication programs have been introduced in many countries. Infection of bovine tuberculosis is often sub clinical; when present, clinical signs are not specifically distinctive. In live animals diagnosed based on the basis of delayed hypersensitivity reactions using various tuberculin tests such as single intra-dermal, comparative intra-dermal, short thermal and stormont tests. After death, infection is diagnosed by bacteriological and histopathological examination and biochemical tests like nitrate reduction, niacin production, deamination of pyrazinamide and susceptibility to thiophen-2-carboxylic acid hydrazide. Tests based on cell mediated immunity like gamma interferon assay, the lymphocyte proliferation assay, the indirect enzyme-linked immune sorbent assay, LAM test, Myco dot antibody test and Molecular tests; polymerase chain reactions, spoligotyping and restriction fragment length polymorphism can be used. The central purpose of this review is to address diagnostic tests for tuberculosis. Considering the course of the infection in cattle, at least two tests, ideally complementary to one another, may be necessary for an adequate diagnosis: the first based on the cellular response, and
The luxuriant growth of M. tuberculosis on glycerol containing media, giving the characteristic 'rough, tough, buff and hard to break up easily' colonies is known as eugenic. Whereas M. bovis has sparse, small moist-sheen colonies that break up easily and thin growth on glycerol containing media that is called dysgenic, however, grows well on pyruvate containing media without glycerol [15] . Culture system is very sensitive, specific and can be used for drug sensitivity testing and for characterization of species but it requires characterization for species identification and take weeks for growing [16] .
Histopathology/Microscopic examination: M. bovis can be demonstrated microscopically on direct smears from clinical samples or prepared tissue materials. The acid fastness of M. bovis is normally demonstrated with the classic Ziehl/Neelsen stain [17] . The stained slides are observed with an ordinary light microscope for the presence of acid-fast bacilli, which appear as red, colloidal or bacillary cells 1-3 microns in length occurring singly or in clumps and it considered as positive when 1 or more acid-fast bacteria were detected in at least 1 section of the sample.
The histopathologic findings were evaluated microscopically and classified as;
Positive: If tubercular granuloma displaying central necrosis with or without mineralization surrounded by macrophages, lymphocytes [18] Inconclusive: Lesion characterized by irregular unencapsulated clusters of epithelioid macrophages but no multinucleated giant cells and necrosis, consistent with an initial stage Negative: features not consistent with tubercular granuloma [19] Histological examinations are practical, inexpensive and useful to make decisions on grossly suspect carcasses [20] . Despite those advantages, the requirement for obtaining postmortem samples limits the diagnostic process and most lesions can be paucibacillary leading to false-negative results [21] .
Biochemical tests: Mycobacteria species identification is largely based on biochemical criteria [22] .The most common biochemical tests are:
Nitrate reduction: Nitrate broth is used to determine the ability of an organism to reduce nitrate (NO 3 ) to nitrite (NO 2 ) using the enzyme nitrate reductase. The loop full cultured mycobacteria are added into the nitrate broth then examine for the development of a pink to red color. If the color is developed the organism is M. tuberculosis because M.bovis have not nitrate reductase enzyme [23] .
Niacin test: The niacin test, which detects niacin (nicotinic acid) in aqueous extracts of the culture, is one of the elements in the identification of MTBC. M. tuberculosis excretes a large amount of niacin (nicotinic acid) into culture media or it is positive but M. bovis and M. avium are negative. The use of cyanogen bromide is an extremely hazardous and carcinogenic chemical that is banned in most countries, and should be discontinued. However, the niacin test can still be performed, using commercially available test-strips [24, 25] .
Deamination of pyrazinamide: When 0.1g pyrazinamide, 0.2g of pyruvic acid and 15.0g agar per liter and culture is incubate at 37°C for 4 days in a broth medium. A positive reaction is given by a pink band in the agar. M. tuberculosis is positive but M. bovis is negative because of resistance [26] .
Susceptibility to Thiophen-2-Carboxylic acid Hydrazide (TCH): Thiophen-2-Carboxylic acid Hydrazide (TCH) is used to distinguish TCH-sensitivity and resistance. Mycobacterium strains by incorporated into a media such as Lowenstein-Jensen and compares the growth of bacteria. M. bovis is susceptible but M. tuberculosis is resistance [27] .
Serological tests
Tuberculin skin test: The skin tests are the international standard for ante mortem diagnosis of bovine TB in cattle herds and individual animals. They are based on eliciting a delayed-type hypersensitivity response to the intradermal injection of tuberculin, a crude protein extract from supernatants of mycobacterial cultures and in short, the glycerol extract of pure liquid cultures of tubercle bacilli is called purified protein derivative tuberculin is used in countries worldwide [28] .
Delayed hypersensitivity may not develop for a period of 3-6 weeks following infection. Thus, if herd/animal is suspected to have been in contact very recently with infected animals, delaying testing should be considered in order to reduce the probability of false-negatives. As the sensitivity of the test is less than 100%, it is unlikely that eradication of tuberculosis from a herd will be achieved with only a single tuberculin test. It should be recognized that when used in chronically infected animals with severe pathology, the tuberculin test may be unresponsive. The tuberculin test has not been well validated in most non-bovid and non-cervid species [29] .
The two most common formats of the test used in cattle are single cervical tuberculin test and the single intra-dermal comparative cervical tuberculin test [30] . Both test formats use a purified protein derivative tuberculin prepared from a culture of M. bovis as the primary diagnostic antigen. Additionally, the SICCT test includes the use of a Mycobacterium avium-derived PPD (PPD-A) to provide a measure of environmental sensitization. It is the more specific of the two tests [31] .
Single Cervical Tuberculin (SCT) test:
The single cervical tuberculin test is a primary test used by intra-dermal injections of 0.1ml of PPD-B tuberculin in the mid cervical area with a reading by visual observation and palpation at 72 hours following injection. The positive reaction constitutes a diffuse swelling at the site of injection [32] . A major disadvantage of this test is that it requires animals to be handled twice, once for the tuberculin injection and a second time to read the test. Further, the person injecting and reading the test must also be adequately trained and sufficiently experienced to read the test accurately. Experience is critical; determining a response may be subjective, especially if the response to the injection is small [32] .
The other disadvantage of the SID test is its lack of specificity and the number of No-Visible-Lesion reactors (NVLs) which occur [33] and failure to detect cases of minimal sensitivity, in old cows and in cows which have recently calved. As well as in early infection, in some cattle in an unresponsive state, referred to as anergy which is developed due to antigen excess or immune suppression which in-turn caused by non-specific factors such as malnutrition and stress [34] . [35] . When the change in skin thickness is greater at the avian PPD injection site, the result is considered negative for BTB. Thus, if increased in the skin thickness at the injection site for the bovine (B) is greater than the increase in the 1+-skin thickness at the injection site at the avian (A) the animal is positive for bovine TB [33] . A maximum volume of 0.2 ml containing a minimum of 2000 IU of bovine and avian PPDs should be injected at cervical site [36] .
Short thermal test:
This type of tuberculin test is not commonly used but it used as additional test for the above tests. The principle is injection of tuberculin subcutaneously in the neck of the animal at normal temperature of not more than 39 o C and for two hours later. If the temperature rise above 40 o C at the time of 4, 6 and 8 hours after injection, the animal is classified as a positive reactor [32] .
Stormont test:
It is performed in the same way as single cervical tuberculin test in the neck with a second injection at the same site but after 7 days of first injection. After 24 hours of second injection, an increase in skin thickness of 5 mm or more should be considered as positive. It is more accurate than the Single cervical tuberculin test but a practical difficulty is the necessity for three visits to the farm [37] .
Gamma interferon assay test:
The interferon gamma (IFN-γ) blood test is a laboratory-based supplementary test for the diagnosis of TB in cattle. It is approved in the European Union for use in conjunction with the skin test in specific circumstances where it is needed to increase the overall diagnostic sensitivity (usually in known infected herds under TB restrictions). The assay is based on the release of IFN-ɚ from sensitized lymphocytes during a 16-24 hours incubation period with specific antigen [36] .
White blood cells from cattle that have come into contact with M. bovis release a protein (an immunological hormone) called interferon-gamma when stimulated with tuberculin in vitro. If the amount of interferon is over a certain level, the animal is classed as a reactor. The interferon-gamma test can identify a population of M. bovis infected animals that are missed by the skin test and it can do so a little earlier in the infection process than the skin test. Being a laboratory test, it is easier to standardize and quality control than the skin test and the readouts can be objectively measured. However, it also identifies a higher proportion of false positives and more expensive to perform than the skin test. Research has shown that the conventional interferon-gamma test has a sensitivity of 90% and specificity of 96.5% [38] .
Disadvantages of the c-IFN test in relation to the skin tests apparent lower specificity. This may be partially overcome by replacing bovine tuberculin with defined mycobacterial antigens like the Early Secretory Antigenic Target (ESAT) 6 protein and Culture Filtrate Protein (CFP) 10 [39] . Both proteins are encoded by genes present in the M. bovis and M. tuberculosis genomes and absent from M. bovis, BCG and almost all environmental mycobacteria. But it allows for more rapid repeat testing. As a result, the test can be repeated in an animal with virtually no delay because no tuberculin is injected and there is no interference with the host's immune system and the time taken to develop a c-IFN test response after infection (between 1 and 5 weeks) is marginally shorter than for the skin tests (3-6weeks) [40, 41] .
Lymphocyte proliferation assay:
This test is used to determine proliferation in lymphocytes by measuring the incorporation of 3H-thymidine. The test compares the proliferation of peripheral blood lymphocytes to tuberculin PPD from M. bovis (PPD-B) and PPD from M. avium (PPD-A). The assay can be performed on whole blood or purified lymphocytes from peripheral blood samples [42] . These tests increase the specificity of the assay by removing the response of lymphocytes to non-specific or cross-reactive agents associated with non-pathogenic species of mycobacteria to which the animal may have been exposed [39] .
This sero-diagnostic test have scientific value, but is not used for routine diagnosis because the test is time-consuming and the logistics and laboratory execution are complicated, meaning it requires long incubation times and the use of radio-active nucleotides. As compared with the IFN-ɚ test, this should be performed shortly after blood is collected. The test is relatively expensive and has not been subjected to inter-laboratory comparisons [43] .
Enzyme-Linked Immuno Sorbent Assay (ELISA):
In the contest of tests based on cellular immunity, ELISA has proven to be the best choice and can be a complement, rather than an alternative. It may be helpful in anergic animals for detection of antibody [44] . An advantage of the ELISA is its simplicity, but both specificity and sensitivity are limited in cattle, mostly due to the late and irregular development of the humoral immune response in cattle during the course of the disease and also poor in cattle when complex antigens such as tuberculin or culture filtrates are used respectively [45] .
The two most antigens are MPB 70 and MPB 83, proteins derived from pathogenic strains of M. bovis culture filtrates, are both representative of a strong antigen-induced cell mediated immune response in the early stages of the tuberculosis infection. MPB 70 is the major secreted antigen of M. bovis, while MPB 83 is a cell wall lipoprotein. It is performed where no cellular immunity tests like the gamma-interferon test are available and where skin testing has been proven unreliable. However, its sensitivity in cattle is relatively low [22] .
Myco dot antibody test:
Myco dot antibody test is rapid sero-diagnostic test of Mycobacterium tuberculosis complex based on the detection of antimycobacterial antibodies in the serum samples of animals by employing plastic combs coated with LAM antigen which is a highly immunogenic lipopolysacharide presenting in the cell wall of all species of mycobacteria [46] . The air-dried discs were then examined for the presence of a light to deep purple spot indicative of the binding of the anti-LAM IgG-colloidal gold complex to the LAM blot [47] (Figure 1) . This test is very quick, as fast as 60 minutes and easy to perform but its sensitivity is low, can only detect high levels of antibody as found in active diseases. It does not rule out TB in animals with poor antibody response as in immunocompromized and malnutrition. Not specific due to cross reactivity with other species of mycobacteria in the environment such as the Non-Tuberculosis Mycobacterium (NTM) which the animal is exposed to [46] .
LAM test:
LAM test is currently the fastest and most specific in vitro test by rapid detection of mycobacteria LAM in urine. This innovative and sandwich type rapid test is based on lateral flow immunochromatography. Its Property is a high affinity monoclonal antibody is affixed to gold particles (conjugate) and high-affinity anti-LAM antibodies immobilized as capture antibodies. After 60 μL of urine is pipette into the sample well of the test device together with the diluents buffer, it passes through the gold-marked protein (conjugate). If any LAM is present in the sample it attaches to the conjugate. This LAM-conjugate complex then flows through the membrane to the point where the antibodies to mycobacterial LAM are immobilized (test line) resulting into a pink-purple band. It was an attractive target because it is a direct product of the Mycobacteria rather than an immune response easy to collect and store and lacks the infection control risks associated with sputum collection [48] .
Molecular diagnostic techniques
Polymerase Chain Reaction (PCR): Polymerase Chain Reaction (PCR) is the most common molecular technique used to detect the presence of genetic material (DNA) that is unique and specific to an organism of interest [49] . A PCR test can usually provide a rapid diagnosis of tuberculosis when it is applied to paraffin sections that have characteristic lesions and acid-fast organisms. PCR based diagnostic tests are able to detect in a few days DNA from a single organism of a pre-determined species. Amplification of products has been analyzed by hybridization with probes or by gel electro phoresis [45] . This product can be easily visualized using standard laboratory procedures. The PCR test is very sensitive and can detect the presence of an organism when present at very low levels [26] .
It provides the possibility of detecting the presence of M. bovis in samples even when organisms have become nonviable [21] and can detect less than 10 bacteria in a clinical specimen. Their sensitivity of PCR ranges from 70-90% compared to the results of culture and its specificity varies between 90 and 95% [50] . PCR is only used on tissues that have histological (microscopic) evidence compatible with bovine tuberculosis. The result can typically be obtained within 7 days and are classified as either positive or negative. Optimal results are obtained when both PCR and isolation methods are used. DNA analysis techniques may prove to be faster and more reliable than biochemical methods for the differentiation of M. bovis from other members of the M. tuberculosis complex. PCR has been widely used in human patients evaluated for the detection of MTBC in clinical samples, mainly by sputum [8] .
Spoligotyping: Spoligotyping is a useful PCR-based method to detect and type MTBC bacteria simultaneously. This method uses RLB (Reversed Line Blotting) and offers an alternative for typical Southern blotting when rapid results are required [51] . The method described based on DNA polymorphism present at one particular chromosomal locus, the "Direct Repeat" (DR) region, which is uniquely present in Mycobacterium tuberculosis complex bacteria [52] . The DR region in M. bovis BCG contains direct repeat sequences of 36 BP, which is interspersed by the non-repetitive DNA spacers of 35-41bp in length. Other MTC strains contain one or more IS6110 elements in DR-region [53] . DNA extracts from clinical samples or lysed bacteria (from freezer or Löwenstein) can also serve as template. The clinical importance of spoligotyping is determined by its rapidity, both in detecting causative bacteria and in providing epidemiologic information on strain identities. It can also be useful for identification of outbreak and can facilitate contact tracing of tuberculosis [54] . The specificity and sensitivity of this technique has been found to be 98 and 96%, respectively [55] .
Restriction Fragment Length Polymorphism (RFLP):
This is a gold standard for the molecular typing of M. tuberculosis due to its high discriminative power and reproducibility [56] . RFLP, as a molecular marker, is specific to a single clone/restriction enzyme combination and most RFLP markers are co-dominant (both alleles in heterozygous sample will be detected) and highly locus specific [61] . It requires large amount of Deoxyribonucleic Acid (DNA) and restricted to the mycobacterial cultures which take around 20 to 40 days to obtain sufficient DNA and applied to strains of all mycobacterium species for which suitable probes have been identified. International consensus has been achieved regarding the methodology of IS6110 RFLP typing of Mycobacterium tuberculosis complex isolates [58] and IS1245 RFLP typing of M. avium strains [50] . This is technically demanding, slow, and expensive and requires sophisticated analysis software for result analysis [53] .
Conclusion and Recommendations
Despite all the efforts to control BTB, the disease persists with the serious implications for human and animal health and the economy, particularly in the context of global trade. In order to improve the control of the disease, complementary tests may be required, particularly in the final stages of eradication programs. The existence of immuno compromised animals is also a challenge for the diagnosis and control of the disease. There is a principle that no single method by itself is sufficient for detecting all there active animals in every stage of infection. In a modern approach for diagnosis and control of BTB, bacteriological, molecular, histological and immune assays must be employed, considering the indication, advantages and disadvantages of each method.
Based on the above conclusions, the following recommendations are forwarded:
• Veterinarians and government should have to cooperate to widen the availability and accessibility of these diagnostic techniques as much as possible
• A great interaction among the livestock owners, medical and veterinary personnel is the prerequisites for the investigation of zoonotic importance of M. bovis and further investigations for minimizing its devastating effect in animals and humans
• Public health information campaigns are needed to raise community awareness about the risk of TB transmission through consumption of raw/undercooked meat and milk
• Detail research should be done on these diagnostic techniques
